Using natural products can be a cost-effective approach for caries prevention especially in low income countries where dental caries is highly prevalent and the resources are limited. Specially prepared dental varnishes containing propolis, miswak, and chitosan nanoparticles (CS-NPs) with or without sodium fluoride (NaF) were assessed for antibacterial effect against Streptococcus mutans (S. mutans) using disk diffusion test. In addition, the protective effect of a single pretreatment of primary teeth enamel specimens against in vitro bacterial induced enamel demineralization was assessed for 3 days. All natural products containing varnishes inhibited bacterial growth significantly better than 5% NaF varnish, with NaF loaded CS-NPs (CSF-NPs) showing the highest antibacterial effect, though it didn't significantly differ than those of other varnishes except miswak ethanolic extract (M) varnish. Greater inhibitory effect was noted with varnish containing freeze dried aqueous miswak extract compared to that containing ethanolic miswak extract, possibly due to concentration of antimicrobial substances by freeze drying. Adding natural products to NaF in a dental varnish showed an additive effect especially compared to fluoride containing varnish. 5% NaF varnish showed the best inhibition of demineralization effect. Fluoride containing miswak varnish (MF) and CSF-NPs varnish inhibited demineralization significantly better than all experimental varnishes, especially during the first 2 days, though CSF-NPs varnish had a low fluoride concentration, probably due to better availability of fluoride ions and the smaller size of nanoparticles. Incorporating
Introduction
Dental caries is a biofilm-induced oral disease with S. mutans playing a key role in the development of virulent cariogenic biofilms [1] . Thus, decreasing the bacterial burden of the oral cavity is one of the fundamental biological goals in preventing dental caries.
Dental varnishes can be applied easily and quickly, and can deliver an active agent as fluoride or chlorhexidine to the teeth safely and in high concentration [2] . The most important anti-caries effect of fluoride results from its local action on the tooth/plaque interface, through promotion of remineralization and minimizing demineralization. It also prevents acid production by S. mutans [3] . However, fluoride by itself is not a potent antimicrobial agent. One study compared the effect of different fluoride varnishes on S. mutans and S. sobrinus biofilms formation in vitro and found that the greatest number of viable bacteria was found with the fluoride varnish that released the highest concentration of fluoride into the formed biofilms. In the same study, a combination of fluoride and chlorhexidine varnishes showed the lowest bacterial counts [4] . Although fluoride remains the mainstay for the prevention of dental caries, additional approaches are required to enhance its effectiveness. In this context, the combination of fluoride with antimicrobial agents such as xylitol and chlorhexidine was recommended by some guidelines for the prevention of dental caries especially in high risk individuals [5, 6] .
Due to the increase of antibiotic resistance and side effects of some antimicrobials on one hand, and the safety, availability, and relatively low costs of natural products on the other hand, a variety of natural products have been assessed for caries prevention as well as incorporated into dental products [1] . Propolis, a natural beehive product, is a complex resinous material that inhibits S. mutans growth and ability to adhere to tooth surfaces [7] [8] [9] [10] . The minimum inhibitory concentration (MIC) of ethanolic extract of propolis (EEP) on S. mutans varies from 25 to 100 lg/mL [7, 10, 11] . A minimum bactericidal concentration (MBC) of more than 1600 lg/mL was reported [7, 10] . Propolis also reduced human dental plaque accumulation and its insoluble external polysaccharide content [12] . It is a non-toxic material and its antimicrobial activity is attributed to the presence of flavonoids and terpenoids [1] .
Miswak obtained from the roots or twigs of Arak (Salvadora persica) tree, which is found in many Asian and African countries, is one of many plants that have antimicrobial potential [1] . Antimicrobial, anti-tumor, anti-inflammatory, and wound healing properties of miswak extract have been linked to its content of tannic acid, alkaloids, eucalyptol, sulphur compounds, benzylisothiocynate, and benzyl nitrate. Its aqueous extract was also reported to have high calcium, but low fluoride content [13] [14] [15] . Its extracts possess plaque inhibiting and antimicrobial properties against cariogenic bacteria by inhibiting their growth and acid production [16] [17] [18] [19] . The MIC for ethanolic and aqueous extracts of miswak against S. mutans was reported to be 50 mg/mL and 150 mg/mL, respectively [19] .
Chitosan is a natural polymer obtained by alkaline hydrolysis of chitin, a natural compound that is found in arthropod extroskeletons, shells of crustaceans, and insects' cuticles. Because of its innate biocompatibility, biodegradability, and lack of toxicity; chitosan, and its nanoparticles received great attention in the pharmaceutical, food, agriculture, textile, and tissue engineering industries [20] . Chitosan has antitumor, wound-healing, mucoadhesive, and antimicrobial activities [20] [21] [22] . Its positive charge facilitates its adhesion to bacterial cell walls giving bacteriostatic or bacteriocidal activities to the material. Moreover, it is not known to cause antibacterial resistance [22] . The antibacterial mechanism of chitosan may include the interaction of cationic chitosan with the anionic cell surface, increasing membrane permeability and leakage of cellular material from the cell. Chitosan may also interfere with mRNA synthesis and imbedding protein synthesis [20, 23] . An inhibitory effect against S. mutans was reported [22, [24] [25] [26] [27] [28] [29] [30] . Chitosan interfered with S. mutans adhesion and primary biofilm formation [24, 25] up to a week with little to no decrease in efficiency [24] . In addition, chitosan caused significant reductions in mature biofilm survival [24, 25] . Chitosan-based mouthwash showed significantly higher antibacterial activity against Streptococcus and Enterococcus species than commercially available essential oils and chlorhexidine mouthwashes [25, 26] . Moreover, CS-NPs have been developed for drug encapsulation. Drugs carried by CS-NPs can be released through degradation of chitosan, leading to a sustained-release effect. The nanosized structure allows permeation through cell membranes, which makes it an effective carrier of drugs in biological systems to achieve improved bioavailability of the drug [20, 31, 32] . Thus, the present study sought to assess the in vitro S. mutans susceptibility to specially formulated dental varnishes containing propolis, miswak, or chitosan nanoparticles, with or without NaF, as well as, to assess the protective effect of pretreating enamel of primary teeth with those varnishes against bacterial induced demineralization.
Material and methods

Miswak extracts preparation
Miswak aqueous extract
Freshly cut miswak chewing sticks were collected from the twigs of Arak (Salvadora persica) trees in Saudi Arabia (Mecca city) and identified by an agriculturist. Ten g of sundried and ground sticks were soaked in 100 mL sterile distilled water for 48 h at 4°C. The extract was then centrifuged and the supernatant was filtered through a 0.45 mm filter paper [19] . The extract was then freeze dried for 7 days in a freeze drying machine (Martin Christ, Alpha 1-2 LD, Vacuubrand GMBH+ Co KG, Germany).
Miswak ethanolic extract
The extract was prepared according to Noumi et al. [33] . Ten g of miswak powder were added to 100 mL of 95% ethyl alcohol and soaked for 24 h at room temperature. Supernatant was filtered through a 0.45 mm filter paper and the extract was kept in tightly closed screw capped containers at 4°C.
Propolis ethanolic extract preparation
EEP was prepared by mixing 50 g of propolis fine chips collected from the top of the combs of the hives of honey bees (Apis mellifera carnica L.) during autumn with 500 mL of 95% ethyl alcohol in a dark bottle at room temperature for 4 days with intermittent stirring. The mixture was filtered with a filter paper, and then left at room temperature until ethanol evaporated and the product obtained a honey-like consistency. The EEP was then stored at 4°C [8] .
Preparation of CS-NPs and CSF-NPs
Nanoparticles were prepared at Nanotech Egypt for Photo Electronics, 6th of October, Giza, Egypt (May 2015), where medium molecular weight (100-300 kilodalton) chitosan (Sigma-Aldrich; St. Louis, USA) was converted to nanoparticles using the ionotropic gelation process [34] . Blank nanoparticles were obtained by adding tripolyphosphate (TPP) aqueous solution to a chitosan solution. The average size of the produced nanoparticles was 40 ± 10 nm. Five percent NaF loaded CS-NPs (0.05 g NaF/1 g CS-NPs) with the same size of chitosan nanoparticles were also prepared by the previous method. NaF powder (ALPHA CHEMIKA, Mumbai, India) was mixed with a TPP aqueous solution and added to the chitosan solution.
Experimental varnishes preparation
The components of each varnish (Table 1 ) were mixed and left over night to dissolve. CS-NPs and CSF-NPs were first dissolved in 2% acetic acid at 60°C under continuous stirring for 60 min. Then pH was adjusted to 6 using 1% NaOH solution [28] .
Sample size
Sample size was estimated for disk diffusion test to be 3 in each group considering a study power of 80% and statistical significance of 5% (a = 0.05) based on a mean ± SD of inhibition zone (mm) for propolis and chlorhexidine of 20.5 ± 0.33, and 18.5 ± 0.55, respectively; and 2 disks per group [35] . For inhibition of demineralization, 10 enamel specimens were estimated for each group considering a study power of 80% and statistical significance of 5% (a = 0.05) based on a mean ± SD of calcium ion loss for triclosan and NaF toothpastes of 12.9 ± 0.8 and 11.3 ± 0.3, respectively, and 5 specimens per group [36] .
Antibacterial susceptibility testing
Pure culture of S. mutans was obtained by culturing S. mutans ATCC 25175 (Microbilogics, St Cloud, Minnesota, USA) on blood agar [2] . Disk diffusion method was used to measure S. mutans sensitivity to the experimental varnishes [9, 35] . Thirty mL of freshly prepared and autoclaved brain heart infusion (BHI) agar was poured into sterile glass petri dishes. The media were cooled to room temperature, and stored in a refrigerator until use. Plates were examined for sterility before use by incubating at 35°C for 48 h. Three to five well isolated colonies of the same morphological type were selected from a blood agar plate culture and transferred with a sterile loop into a tube containing 5 mL of BHI broth that was then incubated at 37°C for 24 h. The turbidity of the broth culture was adjusted to 0.5 McFarland standards. Fifty mL of the broth was immediately transferred to the middle of a dry BHI agar and spread uniformly over the entire agar surface using a sterile L spreader. Filter paper discs of 6 mm diameter were prepared from Whatman filter paper No. 1, placed in a petri dish and sterilized in a hot air oven at 160°C for 2 h. Thereafter, discs were impregnated with 20 mL of each of the experimental varnishes (V1-V8), 3 disks for each varnish, and placed immediately over the plates. A maximum of 4 disks per plate were used. Sterile distilled water and 0.12% chlohexidine digluconate solution were used as negative and positive control, respectively. The plates were incubated in a candle extinction jar (5% CO 2 ) for 24 h at 37°C. After incubation, the plates were observed for uniform culture growth (granular, frosted glass appearance) and formation of inhibition zones around the discs that were measured in millimeters. The mean of 3 measurements of the diameter of each inhibition zone for each disk was calculated. The test was repeated twice for accuracy.
Inhibition of bacterial induced enamel demineralization
The buccal and lingual surfaces of 45 freshly extracted sound primary molars (obtained from the outpatient clinic of the Pediatric Dentistry Department, Faculty of Dentistry, Ain Shams University, Cairo, Egypt) were cleaned, examined under a stereomicroscope to ensure the presence of sound enamel and stored in distilled water that was changed weekly. The roots were removed and the crowns were cut mesiodistally into buccal and lingual halves. Teeth halves were autoclaved and then the dentin portion of each half was covered with an acid resistant varnish (nail polish, Amanda, Egypt). Enamel was covered with the acid resistant varnish except for a 5 mm circular window that was covered with an adhesive tape and removed subsequently. The dentin portions were covered with modeling wax so that only the enamel surfaces were exposed [2] . Thereafter, enamel specimens were randomly divided among nine experimental groups, where each group consisted of 10 specimens. In each of the first 8 groups, 10 enamel specimens were coated with one of the experimental varnishes (V1-V8), while in the last group untreated specimens served as controls.
Enamel specimens were coated with 10 mL of the corresponding varnish which was left to dry for 1 min and then incubated separately in 10 mL deionized water to allow ionic exchange with enamel for 4 h. After incubation, the varnishes were removed gently with a scalpel [37] . The pretreated and negative control enamel specimens were placed in sterile screw capped polyethylene tubes which contained 5 mL of S. mutans suspension described before supplemented with 1% freshly prepared sucrose from a ster- ilized 20% stock solution. Each tube contained a single enamel specimen. The tubes were incubated for 72 h at 37°C. Every 24 h, the specimens were removed, rinsed with sterile deionized water, and placed in new tubes containing freshly prepared S. mutans suspension supplemented with 1% sucrose. This 24 h period is enough to achieve in vitro enamel colonization and acid production [38] . The removed suspensions were stored at À80°C until they were assessed for calcium and pH. After 72 h, all tubes were centrifuged for 5 min at 16,000g, and the supernatants were filtered and assessed for calcium content by atomic absorption spectroscopy (SavantAA, GBC Scientific Equipment, USA) [37] . The pH of all S. mutans suspensions was also measured to ensure acid production in the incubating solution using a pH meter (Orion Versa Star, Thermo Scientific, USA) [37] .
Statistical analysis
Data was analyzed using SPSS 15.0 for windows (SPSS Inc, Chicago, IL, USA, 2001). One-sample Kolmogrovo-Smirnov test was used to assess the normality of data distribution. One-Way ANOVA was used to compare the antibacterial effect of the different varnishes. While for inhibition of demineralization (non-parametric data), Kruskal-Wallis test was used to assess the effect of pretreatment in all varnishes groups. When the differences between groups were statistically significant, Tukey-HST Post Hoc test and Mann-Whitney test were used, for parametric and nonparametric data, respectively to detect means that are significantly different from each other. The level of significance was set at P 0.05.
Results
All experimental varnishes inhibited S. mutans growth significantly higher than NaF varnish with the ascending order of Naf < M < P < MF < CHX < PF < MFD < CS-NPs < CSF-NPs (Table 2) . Though varnishes containing natural products combined with NaF had higher antibacterial effect, they didn't significantly differ in antibacterial activity compared to varnishes containing the corresponding natural products only. The highest antimicrobial activity was observed in the CSF-NPs varnish; however, it didn't significantly differ than those of other varnishes except miswak ethanolic extract (M) varnish. Distilled water showed no inhibitory effect.
Results of the demineralization inhibitory effect of a single pretreatment of primary teeth enamel are shown below. Table 3 shows the released Calcium ions after the first 24 h. Calcium ion concentration increased in the ascending order of NaF < MF < CSF-NPs < MFD < CS-NPs < PF < M < P < Control, with significant differences existing among all treatments except for MF and CSF-NPs.
At day 2, Calcium ion concentration was in the ascending order of NaF < CSF-NPs < MF < MFD < CS-NPs < M < PF < P < control. Only MFD and CS-NPs showed no significant difference (Table 4) .
At day 3, the ascending order of released Calcium ion was NaF < CSF-NPS < MF < MFD < M < PF < CS-NPs < control < P. No significant differences were found between CSF-NPs and MF; CSNPs, P and Control; as well as between CS-NPs and P ( Table 5) . pH of all bacterial suspensions ranged between 4.9 and 5.2 verifying acid production.
Discussion
All varnishes containing natural products had a significant antibacterial effect against S. mutans compared to fluoride varnish which was expected in the light of previous studies that reported an inhibitory effect against S. mutans by the investigated natural products [7] [8] [9] [10] [11] [17] [18] [19] [27] [28] [29] [30] . While adding fluoride to the tested natural products increased the antibacterial activity more than each natural product alone, this difference was not significant compared to varnishes containing only the corresponding natural product but was significant compared to fluoride varnish indicating an additive effect with fluoride and supports the limited antibacterial activity of fluoride. In a previous study different fluoride containing varnishes showed varying degrees of antimicrobial activity which was not correlated to the fluoride content or fluoride released from the varnishes. In the same study combining a varnish containing 1% fluoride with a 1% containing chlorhexidine varnish produced a synergistic effect on S. mutans and S. sobrinus biofilms compared to each varnish alone [4] .
The observation that CSF-NPs didn't differ significantly than other natural products in the antibacterial effect implies that these products may be more cost-effective considering the high costs of preparing the nanoparticles. However, it must be noted that medium molecular weight CS-NPs were used in the present study and Table 2 Susceptibility of S. mutants to different varnishes using disk diffusion assay.
Varnish
Mean of inhibition area (mm) SD F P value Sig. that a higher antibacterial effect may be achieved if a low molecular weight CS-NPs are used as reported earlier [22, 28] . Present results didn't support previous findings that ethanolic miswak extract possessed higher antimicrobial effect compared to aqueous extract [39] . However, literature reported that the antimicrobial effect of miswak extracts was concentration dependent [18] . Hence in the present study, freeze drying of aqueous extract may have concentrated its antimicrobial components thus increasing its antibacterial effect.
Na
No other studies reported the antibacterial effects of natural products that are incorporated into dental varnishes. Only two studies assessed a propolis containing dental varnish formulated by adding different concentrations of EEP to a chitosan polymeric base. No significant differences in antibacterial effect against S. mutans were noted among 5%, 10%, or 15% concentrations. Inhibition zones ranged between 20.3 mm and 21.0 mm [12, 35] . Although propolis and miswak containing varnishes had similar antibacterial effects, miswak may be a better option for clinical use as propolis varnish made a dark brown coating that may not be clinically acceptable.
Calcium ion dissolution was estimated as an indicator of varnishes ability to inhibit enamel demineralization [2, 36, 37] . As shown in Tables 3-5 , the best inhibition of demineralization effect was evident with the 5% NaF varnish. This supports that fluoride's main effect is minimizing apatite dissolution and goes in line with previous studies [2, 37] . In one study when different varnishes were placed next to enamel during bacterial demineralization, a 40% chlorhexidine varnish produced maximum protection, while when enamel was pretreated, fluoride varnish offered the best protection [37] . Though natural products containing varnishes whether plain or with added fluoride had significantly lower ability to inhibit demineralization compared to NaF varnish, the benefit of their combined antibacterial activity may have clinical significance. MF and CSF-NPs varnishes had significantly better inhibition of demineralization effect over the 3 experimental periods compared to other varnishes. For MF, this may be due to better release of fluoride ions, in contrast to PF varnish which had the same NaF concentration as that of MF. However, PF varnish was somewhat more viscous than other varnishes, which may be due to the resinous nature of propolis extract that may have limited the release of fluoride over a period of 4 h and hence limiting its protective effect.
Although CSF-NPs contained lower concentration of NaF, its protection against demineralization was also comparable to MF varnish containing 5% NaF during the three demineralization periods. This indicates that the nano-sized particles are more effective in ionic exchange with enamel thus inhibiting demineralization even at a lower concentration. It is worth to note that chitosan as a mucoadhesive polymer may also have an extended intra-oral retention time which may improve its clinical outcomes.
Though NaF was not added to reconstituted freeze dried aqueous miswak extract (MFD varnish), yet it inhibited demineralization significantly better than other plain natural products containing varnishes and PF varnish which may be a result of freeze drying that may have concentrated any minerals within the aqueous extract as noted earlier.
Miswak, propolis, and CS-NPs varnishes showed a minimal ability to inhibit demineralization, however, they were better than the control group. This indicates a release of some remineralizing agents from those natural products, yet with minimal effect on inhibition of demineralization. Miswak extract was reported to have high calcium and low fluoride content [13] , while propolis was found to have varying amounts of calcium and phosphorus depending on its phytogeographic origin [40] . For each varnish, the protective ability decreased over the 2nd and 3rd demineralization periods, this also goes in line with van Loveren et al. [37] . Propolis and CS-NPs varnishes showed no protective effect at day 3 as their results were comparable to those of the control specimens indicating a short-term protective ability.
A shortcoming of the inhibition of demineralization model of the present study is that varnishes were removed before exposing the enamel specimens to bacterial demineralization, hence, only the effect of ion exchange between the varnishes and enamel surface on subsequent enamel demineralization was assessed. However, if varnishes were left during the experiment, the com- bined effect of antibacterial activity and ion release could have produced different results, this is also closer to clinical situation. However, varnishes were removed so that the release of any ions from the natural products containing varnishes into the S. mutans suspension could have been a confounding factor. It is worth to note that the costs of preparing miswak and propolis varnishes were minimal as all the constituents are readily available, cheap, and simple methods are used to produce their extracts. On the other hand, nanoparticles preparation costs much money. Considering this cost differences and results of the present study, miswak and propolis use can be encouraged in countries with limited financial resources.
Conclusions
Results suggest that using the tested natural products can be an effective approach for caries prevention. Varnishes having a combination of natural products, optimum concentration of fluoride in CS-NPs, ion release and remineralizing potential as well as clinical efficiency of such varnishes need further investigations.
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